Introduction
============

Lung cancer is a leading cause of cancer death in many countries, and non-small cell lung cancer (NSCLC) accounts for around 85% of lung cancers [@B1]. Despite the advance of different therapeutic regimens, the 5-year survival of NSCLC has remained at 15% in the past decades [@B2]. It is therefore imperative to deepen the understanding of the molecular mechanism of NSCLC, and to find novel therapeutic strategies for this disease.

Notch signaling has been demonstrated to frequently participate in the process of lung development and lung carcinogenesis [@B3]-[@B8]. Notch signaling pathway is associated with angiogenesis which is an essential step for tumor growth and progression and plays a vital role in tumor invasion and metastasis [@B9]-[@B11]. The mammalian Notch family consists of four receptors, Notch1-4, and five ligands, Jagged 1 and 2, and Delta-like ligand1, 3, and 4 (DLL1, -3, -4). The majority of studies consider that Notch1 is involved in cancer promotion [@B12], [@B13]. It is hypothesized that Notch1 and 3 are associated with NSCLC [@B14], [@B15].

Several studies demonstrated that Notch expression is distinct in different histology type of lung cancer [@B16]-[@B19]. Though, the diverse function between Notch1 to Notch4 is not well known. The activation status of Notch had poor prognostic impact on lung cancer patients\' survival [@B20]. Recent work in Notch pathway activity in cancer cells shows epithelial -to- mesenchymal transition (EMT) promotion [@B21]-[@B24], enhancement of cancer stem cell characteristics [@B25], and displaying resistance to conventional chemotherapy [@B26], [@B27]. Higher activities of Notch gene in lung cancer indicated worse survival [@B28].

Until now, the role of Notch in lung cancer development remains elusive. Otherwise, the association of expression of Notch gene with its impact on prognosis in NSCLC has not be well clarified. Here, we will describe the expression of Notch1 to Notch4 gene in different NSCLC histology types and investigate the influence of Notch expression on survival.

Material and Methods
====================

Patient data collection
-----------------------

From the year 2001 to 2011, patients with diagnosis of NSCLC who received any surgical resection as lobectomy or wedge resection at National Taiwan University Hospital were included.

Disease stages were reviewed and determined by the 7th version of the TNM staging system for lung cancer of the International Association for the Study of Lung Cancer (IASLC). The medical records were analyzed for age, gender, smoking history, underlying diseases, histology type, tumor staging, recurrent or metastatic site.

Information on survival was obtained through active follow-up based on the verification of patients\' vital status. The disease-free survival (DFS) was defined as the time from the surgical intervention to disease progression or death from any cause. It was determined as the date of the last follow-up visit for patients who were still alive and who had no disease progression. The overall survival (OS) was defined as the time from the date of beginning treatment to the date of death or last follow-up by August 2013.

Notch gene expression analysis
------------------------------

The expression of Notch elements was assessed by quantitation real-time polymerase chain reaction (RT-PCR). Taqman Gene expression assay with TaqMan® RNA-to-Ct™ 1-Step Kit was used to analysis Notch1 - 4 from cancer tissues. Standard curve with gene expression amplification was plotted to difference in gene expression and standard deviation in the replicate groups. Ct values for each well and for each replicate group was calculated. Relative RNA expression were presented by 2^-ΔΔCt^. If 2^-ΔΔCt^\> 1 is defined as higher Notch expression.

Immunohistochemistry (IHC) stain of Notch2
------------------------------------------

Formalin fixed paraffin-embedded sections were deparaffinized and rehydrated (Xylene 1:1 with 100% ethanol, 100% ethanol down to 50% ethanol). Next, the sections were heated by microwave in citrate buffer pH6.5 for 20 min total for antigen retrieval. Then block endogenous peroxidases in 90 ml methanol/10 ml 30% H2O2 for 10 minutes at room temperature was performed, followed by wash in PBS. Slides were then incubated with primary antibodies for Notch2 (ab8926, Abcam, diluted 1:100), overnight at 4∘C. The immunohistochemical reaction was visualized and analyzed using a microscope. Peripheral normal lung tissue was used for the negative controls. Immunostaining was defined independently by two pathologists blinded to the clinical data and scored by multiplying the intensity of staining and the percentage of the stained tumor cells. The intensity of staining was graded as follows: 0 (colorless), 1 (weak, pallide-flavens), 2 (moderate, yellow), and3 (strong, brown).

Tumors with weak, moderate or strong immunostaining intensity were classified as positive (+) expression, whereas tumors with absent immunostaining were classified as negative expression.

Statistical Analysis
--------------------

Continuation variables are expressed as mean with standard deviation and categorical variables are expressed as a percentage of the group from which they were derived. The proportion between groups were compared by Pearson chi-square test or Fisher exact test. ANOVA analysis with Post Hoc was used to difference the expression of Notch1 - 4 (2^-ΔΔCt^) in different histology type. Cox regression model was used for covariate analysis to determine the hazard ratio of Notch expression and survival. A *p*value less than 0.05 was considered significant. All analyses were performed using the SPSS software (version 16, SPSS Institute, Chicago, IL).

Results
=======

Patients\' clinical characteristics and the association of Notch gene expression
--------------------------------------------------------------------------------

From 2001 to 2011, ninety-seven patients with NSCLC received surgical intervention being explored the expression of Notch gene (Notch1 - 4). Fifty-eight patients (59.8%) were male. The mean age was 67.0 ± 11.1 years old. Seventy-five patients (77.3%) were adenocarcinoma, 19 patients (19.6%) were squamous cell carcinoma. Most patients (n=52, 53.6%) were stage I disease (Table [1](#T1){ref-type="table"}).

Female patients had higher Notch2 expression (female v.s. male, 2^-ΔΔCt^, mean ± SD, Notch2: 1.21 ± 0.38 v.s. 1.01 ± 0.49, *p* = 0.03). Patients who were never smoking also had higher Notch2 expression (never smoking v.s. current or ever smoking, 2^-ΔΔCt^, mean ± SD, Notch 2: 1.21 ± 0.43 v.s. 0.98 ± 0.46, *p* = 0.02). Nevertheless, patients who were never smoker had lower Notch3 and Notch4 expression (never smoker v.s. current or ever smoker, 2^-ΔΔCt^, mean ± SD, Notch3: 1.52 ± 0.98 v.s. 3.09 ± 4.61, *p* = 0.02; Notch4: 0.32 ± 0.19 v.s. 0.42 ± 0.28, *p* = 0.04, respectively) (Table [1](#T1){ref-type="table"}).

Notch expression in different histology type
--------------------------------------------

Patients with adenocarcinoma had higher expression of Notch2 than other histology types (adenocarcinoma, v.s. squamous cell carcinoma, v.s others, 2^-ΔΔCt^, mean ± SD, Notch2: 1.23 ± 0.42 v.s. 0.64 ± 0.20, v.s. 0.54 ± 0.29, *p* \< 0.001). Otherwise, patients with squamous cell carcinoma had relative higher expression of Notch1 and Notch3 expression (adenocarcinoma, v.s. squamous cell carcinoma, v.s others, 2^-ΔΔCt^, mean ± SD, Notch1: 0.73 ± 0.36 v.s. 1.02 ± 0.47, v.s. 1.01 ± 0.73, *p* = 0.01; and Notch3: 1.86 ± 1.48 v.s. 4.17 ± 7.06, v.s. 2.30 ± 1.75, *p* = 0.03, respectively) (Table [1](#T1){ref-type="table"} and Figure [1](#F1){ref-type="fig"}).

Notch expression in lung cancer stage
-------------------------------------

Notch2 expression increased associated with patients with more advanced lung cancer stage (linear regression analysis between Notch2 expression and lung cancer stage: r square = 0.094, *p*value = 0.002). However, expression of Notch1, Notch3 and Notch4 had no correlation with lung cancer stage in statistic (Figure [2](#F2){ref-type="fig"}A). Expression of Notch2 was significant higher in patients with stage IIIA disease compared to patients with stage I (stage IIIA v.s. stage I, 2-ΔΔCt, mean ± SD, Notch2: 1.41 ± 0.54 v.s. 0.96 ± 0.37, *p*value \< 0.001) (Figure [2](#F2){ref-type="fig"}B).

Immunohistochemistry stain of Notch2 in lung adenocarcinoma
-----------------------------------------------------------

Notch2 expression in 16 of 75 (21.3%) lung adenocarcinoma was also detected by immunohistochemistry (IHC) stain to confirm the reliance of Notch2 expression level calculated by RT-PCR. Figure [3](#F3){ref-type="fig"}(A) and 3(B) negative Notch2 expression (RT-PCR 2-ΔΔCt 0.60 to 0.77). Figure [3](#F3){ref-type="fig"}(C) and 3(D) showed weak Notch2 expression (faint) (RT-PCR 2-ΔΔCt 0.82 to 0.98). Figure [3](#F3){ref-type="fig"}(E) and 3(F) showed moderate Notch2 expression (RT-PCR 2-ΔΔCt 1.25 to 1.34). Notch2 was scarcely stained (yellow) in the cytoplasm of tumor cells. Figure [3](#F3){ref-type="fig"}(G) and 3(H) showed high Notch2 expression (brown) in adenocarcinoma (RT-PCR 2-ΔΔCt 2.30 to 2.72). Notch2 was strongly stained in the cytoplasm of tumor cells. The score of Notch2 IHC stain was consistent with the result of RT-PCR.

The effect of Notch expression on survival
------------------------------------------

Patients with adenocarcinoma had significantly higher recurrence rate (39/75, 52.0%) than those with squamous cell carcinoma (5/19, 26.3%) (*p* = 0.045). Patients who had cancer recurrence also had higher Notch2 expression (cancer recurrence v.s none, 2^-ΔΔCt^, mean ± SD*,*1.22 ± 0.51, v.s. 0.98 ± 0.37*, p* = 0.008).

Patients with adenocarcinoma who had higher Notch1 or Notch3 expression had poor disease-free survival (DFS) (DFS, median, lower Notch1 v.s. higher Notch1, 21.2 v.s 7.2 months, p = 0.03; and lower Notch3 v.s. higher Notch3, 25.3 v.s. 12.0 months, *p* = 0.05, respectively). (Figure [4](#F4){ref-type="fig"}A and [4](#F4){ref-type="fig"}B). The expression of Notch signaling had no impact on overall survival (OS). Otherwise, expression of Notch signaling had no impact on DFS and OS in other histology types.

We investigated the association of combined Notch1 and Notch3 expressions and survival. There was also a shorter median DFS in the patient group of both high expression (n = 14) of Notch1 and Notch3 than those with both low expression of Notch1 and Notch3 group (n = 23) (both high vs. others v.s both low: DFS, median, 7.2 v.s. 14.2 v.s 25.3 months, *p*= 0.03) (Figure [4](#F4){ref-type="fig"}C).

Cox regression model was used to analysis the expression of Notch1 to Notch4 associated with DFS in lung adenocarcinoma. The expression of Notch3 remained an important predictive factor of DFS. Lung adenocarcinoma patients with higher expression of Notch3 had higher risk of disease progression, however, this impact on PFS was not significant statistically (hazard ratio 1.20; 95% confidence interval, 0.99 to 1.46, *p*= 0.06) (Table [2](#T2){ref-type="table"}).

Discussion
==========

In the present study, we examined the expression of Notch1 to Notch4 signaling expression in resected NSCLC tissues by RT-PCR, compare with the adjacent normal lung tissues from the same patient. Patients who were female or never smoking had higher Notch2 expression. Patients with lung adenocarcinoma had higher expression of Notch2 than other histology types. On the other hand, patients with squamous cell carcinoma had relative higher expression of Notch1 and Notch3 expression. The association of Notch2 expression in NSCLC correlated with cancer recurrence or metastasis. However, higher Notch1 and Notch3 expression may be related to disease progression of lung adenocarcinoma.

Recent study demonstrated that Notch1 expression is higher in lung squamous cell carcinoma [@B16] and Notch3 is over-expressed in about 40% of NSCLC [@B17]-[@B19]. In our study, patients with lung cancer who had smoking history had higher Notch3 expression. Notch1 and Notch3 expression were consistently higher in lung squamous cell carcinoma. Besides, we also find that patients who were female, never smoking and with lung adenocarcinoma, have significant higher Notch2 expression. Therefore, this finding approves that Notch2 signaling plays an important role in mutation of lung adenocarcinoma [@B20], especially in never-smoking female at east Asia.

Notch1 and Notch3 have long been regarded as candidate molecules responsible for the development of lung cancer [@B14]-[@B19], while few studies have delineated a specific role for Notch2. Whether Notch2 has similar roles as Notch1 and Notch3 remains to be determined. Our results showed that Notch2 expression positively correlated with more advanced lung cancer stages and higher rate of cancer recurrence or metastasis. However, the expression of Notch2 had no impacts on DFS and OS in patients with lung adenocarcinoma. A recent study demonstrated that upregulation of Notch2 is a transcriptional aberration that contributes to preinvasive-to-invasive lung adenocarcinoma progression by inducing epithelial-mesenchymal transition (EMT) and nuclear atypia [@B21]. These findings suggested that Notch2 plays a role during the early-stage lung adenocarcinoma progression. Recent work in Notch pathway activity in cancer cells shows EMT promotion [@B22]-[@B25] and enhancement of cancer stem cell characteristics [@B26], and interestingly, implicates Notch signaling in several cancers displaying resistance to conventional chemotherapy [@B27], [@B28]. Higher activities of Notch pathway in lung cancer stem cells indicated worse survival of lung adenocarcinoma [@B29]. Therefore, Notch pathway activity may encourage EMT formation and Notch2 is a key clue.

Several studies have examined the relationship between Notch expression and survival in patients with NSCLC. A recent meta-analysis indicated that higher expression of Notch1 by immunohistochemistry was associated with greater possibility of lymph node metastasis and more advanced TNM stages [@B30]. Mimae et al. [@B21] revealed that paired upregulation of Notch2 and Six1 is associated with disease progression by clinicopathologic features and shorter DFS in patients with invasive adenocarcinoma. Our research showed that increased Notch2 expression was associated with more advanced lung cancer stages. Expression of Notch1 also positively correlated with advanced disease stages but the correlation was not statistically significant. In our study, the expression of Notch elements was assessed by RT-PCR, but patient selection bias and different laboratory techniques may cause distinct results. Therefore, further large-scale studies with consistent analytical methods are warranted.

Our study suggested that lung adenocarcinoma patients with both high expressions of Notch1 and Notch3 had poor DFS by Kaplan-Meier survival curve. Cox regression analysis showed that Notch3 expression remained the leading predictive factor of DFS. Yuan et al. [@B30] indicated that higher Notch3 expression was associated with poor overall survival rate of lung adenocarcinoma patients. Conversely, Liu et al. [@B31] demonstrated that higher Notch1, Notch2, JAG1, and DLL1 mRNA expression predicted better OS while elevated Notch3, JAG2, and DLL3 mRNA expression was associated with poor OS of lung adenocarcinoma patients by online database analysis. Though these findings have discrepant results, Notch3 could be used as a potential marker to predict prognosis of lung adenocarcinoma. Since Notch signaling is initiated upon ligand binding to Notch receptor, a complete analysis including expressions of Notch and Notch ligands and their association with the prognosis of lung cancer should be explored further.

Though, the differential function between Notch1 to Notch4 is not well known. The activation status of Notch1 had poor prognostic impact on NSCLC [@B32] and was used to predict overall survival in the subgroup of p53-negative NSCLC patients [@B14], [@B33]. Notch1 also contributes to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor acquired resistance in NSCLC [@B34], [@B35]. Besides, Notch3 expression is positively correlated with EGFR expression [@B36], and Notch3 overexpression associates with poor prognosis in NSCLC [@B37], [@B38]. EGFR mutation status was not analysis at our study, but the mutation rate was relative higher in east Asia. Therefore, higher Notch1 and Notch3 expression was showed to relate to poor DFS of lung adenocarcinoma in our study.

In conclusion, patients with lung adenocarcinoma had higher Notch2 expression. Increased Notch2 expression was associated with more advanced lung cancer stages and higher cancer recurrence rate. Higher Notch1 and Notch3 expression were associated with poor prognosis in lung adenocarcinoma. Further investigations supporting clinical implementation of Notch signaling components are worthwhile.
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![**Notch expression in different histological types.**The line of box indicated the median of Notch expression, and the box presented the 25th to 75th percentile of Notch expression. Patients with adenocarcinoma had a higher expression of Notch2, and patients with squamous cell carcinoma had a relatively higher expression of Notch1 and Notch3.](jcav08p1292g001){#F1}

![**Notch expression associate with lung cancer stage.**(A) The association of Notch1 to Notch4 and lung cancer stage was analyzed by linear regression. Notch2 expression increased associated with patients with more advanced lung cancer stage (r square = 0.094, *p*value = 0.002). (B) Expression of Notch2 was significant higher in patients with stage IIIA disease compared to patients with stage I (*p*value \< 0.001).](jcav08p1292g002){#F2}

![**Immunohistochemistry (IHC) stain of Notch2 in lung adenocarcinoma.**(A) and (B) showed negative Notch2 expression. (C) and (D) showed weak Notch2 expression (faint). (E) and (F) showed moderate Notch2 expression. Notch2 was scarcely stained (yellow) in the cytoplasm of tumor cells. (G) and (H) showed high Notch 2 expression (brown) in adenocarcinoma. Notch2 was strongly stained in the cytoplasm of tumor cells. Peripheral normal tissue was a negative control in the same section.](jcav08p1292g003){#F3}

![**Expression of Notch1 (A) and Notch3 (B) effect disease-free survival (DFS) in lung adenocarcinoma. DFS analysis of patients with both low Notch1 and low Notch3 expression, both high Notch1 and high Notch3 expression in lung adenocarcinoma (C).** Patients with adenocarcinoma who had both low Notch1 and Notch3 expression (n = 23), both high Notch1 and Notch3 expression (n = 14) and others (n = 38) in lung adenocarcinoma.](jcav08p1292g004){#F4}

###### 

Demography data of 97 patients with NSCLC for Notch gene analysis

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Patient characteristics   N (%)        Notch1\       *p*value      Notch2\       *p*value      Notch3\       *p*value   Notch4\       *p*value
                                         (mean ± SD)                 (mean ± SD)                 (mean ± SD)              (mean ± SD)   
  ------------------------- ------------ ------------- ------------- ------------- ------------- ------------- ---------- ------------- ----------
  Age, years old                                                                                                                        

  Age \< 70                 48 (49.5%)   0.84 ± 0.36   0.29          1.07 ± 0.50   0.62          2.83 ± 4.71   0.16       0.39 ± 0.27   0.50

  Age ≥ 70                  49 (50.5%)   0.75 ± 0.45   1.12 ± 0.42   1.83 ± 1.29   0.36 ± 0.23                                          

  Gender                                                                                                                                

  Male                      58 (59.8%)   0.83 ± 0.43   0.33          1.01 ± 0.49   0.03          2.89 ± 4.34   0.05       0.40 ± 0.28   0.16

  Female                    39 (40.2%)   0.74 ± 0.36   1.21 ± 0.38   1.50 ± 0.86   0.33 ±0.18                                           

  Smoking status                                                                                                                        

  Never                     47 (48.5%)   0.77 ± 0.41   0.50          1.21 ± 0.43   0.02          1.52 ± 0.98   0.02       0.32 ± 0.19   0.04

  Ever or current smoking   50 (51.5%)   0.82 ± 0.40   0.98 ± 0.46   3.09 ± 4.61   0.42 ± 0.28                                          

  Histology                                                                                                                             

  Adenocarcinoma            75 (77.3%)   0.73 ± 0.36   0.01          1.23 ± 0.42   \<0.001       1.86 ± 1.48   0.03       0.34 ± 0.20   0.06

  Squamous cell\            19 (19.6%)   1.02 ± 0.47   0.64 ± 0.20   4.17 ± 7.06   0.48 ± 0.36                                          
  carcinoma                                                                                                                             

  Others                    3 (3.1%)     1.01 ± 0.73   0.54 ± 0.29   2.30 ± 1.75   0.48 ± 0.27                                          

  Disease stage                                                                                                                         

  I                         52 (53.6%)   0.76 ± 0.41   0.45          0.96 ± 0.37   0.002         2.64 ± 4.58   0.80       0.37 ± 0.29   0.81

  II                        25 (25.8%)   0.80 ± 0.37   1.15 ± 0.44   1.97 ± 1.18   0.36 ± 0.18                                          

  IIIA                      18 (18.6%)   0.91 ± 0.44   1.41 ± 0.54   2.06 ± 1.35   0.43 ± 0.21                                          

  Cancer recurrence                                                                                                                     

  Yes                       45 (46.4%)   0.84 ± 0.42   0.36          1.22 ± 0.51   0.008         2.14 ± 1.77   0.63       0.38 ± 0.23   0.81

  No                        52 (53.6%)   0.76 ± 0.40   0.98 ± 0.37   2.49 ± 4.44   0.37 ± 0.26                                          
  ------------------------------------------------------------------------------------------------------------------------------------------------

SD: standard deviation

###### 

Cox regression model to analysis Notch gene expression associated with disease-free survival (DFS) in patients with lung adenocarcinoma

           *P*value   HR     95% CI   
  -------- ---------- ------ -------- ------
  Notch1   0.11       2.05   0.85     4.97
  Notch2   0.66       1.17   0.57     2.41
  Notch3   0.06       1.20   0.99     1.46
  Notch4   0.84       0.84   0.16     4.37

HR: Hazard ration; CI: Confidence interval
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